We present Mg isotope ratios in 4 red giants of the globular cluster M 13 and 1 red giant of the globular cluster M 71 based on high resolution, high signalto-noise ratio spectra obtained with HDS on the Subaru Telescope. We confirm earlier results by Shetrone that for M 13, the ratio varies from 25+26 Mg/ Mg exceed those observed in field stars at the same metallicity, a result also found in NGC 6752. The contribution of 25 Mg to the total Mg abundance is constant within a given cluster and between clusters with 25 Mg/ 24+25+26 Mg ≃ 0.13. For M 13 and NGC 6752, the ranges of the Mg isotope ratios are similar and both clusters show the same correlations between Al and Mg isotopes suggesting that the same process is responsible for the abundance variations in these clusters. While existing models
fail to reproduce all the observed abundances, we continue to favor the scenario in which two generations of AGB stars produce the observed abundances. A first generation of metal-poor AGB stars pollutes the entire cluster and is responsible for the large ratios of 25 Mg/ 24 Mg and 26 Mg/ 24 Mg observed in cluster stars with compositions identical to field stars at the same metallicity. Differing degrees of pollution by a second generation of AGB stars of the same metallicity as the cluster provides the star-to-star scatter in Mg isotope ratios.
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Introduction
For elements heavier than Si, spectroscopic analyses of field stars and globular cluster stars have shown that they have essentially identical chemical abundance ratios [X/Fe] at a given metallicity, [Fe/H] (e.g., see reviews by Gratton et al. 2004 and Sneden et al. 2004a ). Yet for the light elements, C-Al, every well studied Galactic globular cluster exhibits starto-star abundance variations (e.g., see review by Kraft 1994) . While the amplitude of the dispersion may differ from cluster to cluster, a common pattern is evident in which anticorrelations are found between the abundances of C and N, O and Na, and Mg and Al. Such variations have never been detected in field stars with comparable ages, metallicities, and evolutionary status (Pilachowski et al. 1996; Hanson et al. 1998) . There is still no satisfactory explanation for the origin of the globular cluster abundance variations.
The two explanations for the star-to-star globular cluster composition anomalies, the evolutionary and primordial scenarios, both assume that proton-capture reactions (CNOcycle, Ne-Na chain, and Mg-Al chain) are responsible for altering the light element abundances. The principal difference is the site in which the nucleosynthesis is thought to occur. In the evolutionary scenario, the observed low-mass red giants are believed to have altered their compositions via internal mixing and nucleosynthesis. To change the surface abundances of O, Na, Mg, and Al requires exposure to very high temperatures through very deep mixing that is not predicted by standard models (e.g., Sweigart & Mengel 1979 , Charbonnel 1995 , and Fujimoto et al. 1999 ). In the primordial scenario, the abundance anomalies are believed to be synthesized within intermediate-mass asymptotic giant branch (IM-AGBs) or other stars. The present cluster members either formed from gas contaminated by these stars or accreted such ejecta after formation.
Measurements of the Mg isotope ratios offer a powerful insight into the stars responsible for the abundance variations because the individual isotopes are destroyed at different temperatures within low mass red giants and IM-AGBs. Mg is one of the rare elements for which stellar isotope ratios can be accurately measured. The three stable isotopes are the alpha-nucleus 24 Mg and the neutron-rich 25 Mg and 26 Mg. Mg isotope ratios have been measured in only two globular clusters. Shetrone (1996a,b) analyzed 6 bright giants in M 13 and Yong et al. (2003a) 24 Mg within the Mg-Al chain is predicted to only occur at very high temperatures such as those found in IM-AGBs of the highest mass at their maximum luminosity (Karakas & Lattanzio 2003) . However, the constancy of 25 Mg and the correlation of 26 Mg and Al are not predicted from IM-AGB models (Denissenkov & Herwig 2003; Fenner et al. 2004; Ventura & D'Antona 2005) which underscores the fact that our present theoretical knowledge of stellar nucleosynthesis and/or globular cluster chemical evolution is incomplete. Additional measurements of Mg isotope ratios in globular clusters are required and it is crucial to distinguish the contributions of all three isotopes.
In this paper, we present measurements of the Mg isotope ratios in four bright red giants of the globular cluster M 13 as well as one bright red giant of the globular cluster M 71. We re-analyze a subset of Shetrone's M 13 stars and make the important separation of the contributions of 25 Mg from 26 Mg. M 13, along with NGC 6752, exhibits the largest dispersion in Al abundance of all the well studied Galactic globular clusters. M 13 has a very similar iron abundance to NGC 6752, [Fe/H] ≃ −1.5. Previous studies of this cluster include Popper (1947) , Arp & Johnson (1955) , Helfer et al. (1959) , Cohen (1978) , Peterson (1980) , Kraft et al. (1992) , Shetrone (1996a,b) , Sneden et al. (2004b) , and Cohen & Meléndez (2005) . M 71 is a more metal-rich cluster, [Fe/H] ≃ −0.8, that displays a mild O-Na anticorrelation and a subtle variation in Al abundance. Previous studies of this cluster include Arp & Hartwick (1971) , Cohen (1980) , Smith & Norris (1982) , Leep et al. (1987) , Smith & Penny (1989) , Sneden et al. (1994) , Ramírez & Cohen (2002 , and Lee et al. (2004) .
Observations and data reduction
Observations of the four M 13 red giants and the M 71 red giant were obtained with the Subaru Telescope using the High Dispersion Spectrograph (HDS; Noguchi et al. 2002) on 2004 June 1. The comparison field star, HD 141531, was also observed since it is a red giant whose evolutionary status and stellar parameters are comparable to the globular cluster giants. Y03 measured Mg isotope ratios in HD 141531 allowing a comparison between data from Subaru HDS and VLT UVES. A 0.4 ′′ slit was used providing a resolving power of R = λ/∆λ=90,000 per 4 pixel resolution element with wavelength coverage from 4000Å to 6700Å. The integration times were about 60 minutes per star. The typical signal-to-noise ratio (S/N) for the program stars was 130 per pixel (260 per resolution element) at 5140Å. One-dimensional wavelength calibrated normalized spectra were produced in the standard way using the IRAF 2 package of programs. In Table 1 , we present our list of program stars.
Analysis

Stellar parameters and elemental abundance ratios
We undertook a traditional spectroscopic approach for estimating the stellar parameters: the effective temperature (T eff ), the surface gravity (log g), and the microturbulent velocity (ξ t ). Equivalent widths (EWs) were measured for a set of Fe i and Fe ii lines using routines in IRAF where in general Gaussian profiles were fitted to the observed profiles. The set of Fe lines were taken from Y03, Biémont et al. (1991), and Blackwell et al. (1995, and references therein) . The EWs and atomic data are presented in Table 2 . The model atmospheres were taken from the Kurucz (1993) local thermodynamic equilibrium (LTE) stellar atmosphere grid and we used the LTE stellar line analysis program Moog (Sneden 1973) . To set the effective temperature, we adjusted T eff until there was no trend between the abundance from Fe i lines and the lower excitation potential, i.e., excitation equilibrium. For the surface gravity, we adjusted log g until the abundances from Fe i and Fe ii were equal, i.e., ionization equilibrium. Finally, the microturbulent velocity was set by the requirement that the abundances from Fe i lines shows no trend with EW. The final [Fe/H] was taken to be the mean of all Fe lines assuming a solar abundance log ǫ(Fe) = 7.50. In Table 1 we present our derived stellar parameters for the program stars.
For HD 141531, we compared the EWs for Fe i and Fe ii lines and found an excellent agreement between the Subaru (this study) and the VLT (Y03) measurements. Therefore, we adopted the same stellar parameters for HD 141531 as used in Y03. We estimate the internal errors in the stellar parameters to be T eff ± 50, log g ± 0.2, and ξ t ± 0.2. Within these uncertainties, our stellar parameters for the M 13 giants compare very well with those derived by Shetrone (1996a,b) , Sneden et al. (2004b) , and Cohen & Meléndez (2005) . For M 71 A4, our stellar parameters agree very well with those derived by Sneden et al. (1994) and Shetrone (1996a,b) . (See Table 3 for comparison of stellar parameters.)
We also measured abundances for O, Na, Mg, and Al using the same lines presented in Y03 (atomic data and EWs are presented in Table 2 ). In Table 4 we present the abundance ratios [Fe/H] and [X/Fe] for the program stars assuming solar abudances of 8. 69, 6.33, 7.58, and 6 .47 for O, Na, Mg, and Al respectively. In this table, we also compare our abundance ratios with previous studies of these stars, namely Sneden et al. (1994 Sneden et al. ( , 2004b , Shetrone (1996a,b) , and Cohen & Meléndez (2005) . In general, the abundance ratios are in good agreement with previous determinations. However, for [O/Fe] our two measurements do not agree with those derived by Sneden et al. (2004b) . (We note that they reference the O abundances to Fe ii and that in some cases there is a difference between the abundances from neutral and ionized iron.) To ensure consistency with their previous studies on globular clusters, Sneden et al. (2004b) adopt the "traditional" solar oxygen abundance log ǫ(O) = 8.93 (Anders & Grevesse 1989) rather than the revised value of 8.69 recommended by Allende Prieto et al. (2001) . The adopted solar oxygen abundance accounts for the offset between our abundances and those of Sneden et al. (2004b) . Similarly, Shetrone used the traditional solar oxygen abundance which explains the difference in derived abundances. Cohen & Meléndez (2005) find different abundances for M 13 L70 (II-67) which cannot be attributed to the adopted solar abundances or stellar parameters. We note that they find a 0.3 dex discrepancy between Fe i and Fe ii. In Table 5 , we present the abundance dependences upon the model parameters.
Mg isotope ratios
The first measurements of stellar Mg isotope ratios were performed by Boesgaard (1968) who examined the 0-0 band of the A-X electronic transition of the MgH molecule. As a result of the isotopic wavelength splitting, 25 MgH and 26 MgH contribute a red asymmetry to the main 24 MgH line (see Figure 1 ). Subsequent studies have also exploited the molecular MgH lines to measure Mg isotope ratios in cool dwarfs and giants (e.g., Tomkin & Lambert 1976 , 1980 , Barbuy 1985 , Barbuy et al. 1987 , Lambert & McWilliam 1986 , McWilliam & Lambert 1988 , Gay & Lambert 2000 , Yong et al. 2003b and references therein). Pre-solar grains allow measurements of Mg isotope ratios with exquisite precision and offer a powerful additional insight into stellar nucleosynthesis (e.g., Nittler et al. 2003 and Clayton & Nittler 2004) .
Inspection of Figure 1 shows that the profiles of the MgH lines are asymmetric with 25 MgH and 26 MgH providing red wings. This figure also shows that the profiles of the MgH lines differ significantly among the M 13 giants. In particular, M 13 L973 and M 13 L70 appear to have substantial contributions of 26 MgH relative to M 13 L 629 and M 13 L 598. M 71 A4 also exhibits an asymmetric profile suggesting a large contribution from 26 MgH. While we can gain a qualitative appreciation that the Mg isotope ratios vary within M 13 by looking at the spectra, spectrum synthesis is necessary to measure accurate ratios. Next we describe our approach which is identical to Gay & Lambert (2000) , Y03, and Yong et al. (2003b, 2004) .
Numerous lines from the A-X electronic transition of the MgH molecule are present in the spectra of these cool red giants. However, few of these lines offer a reliable measure of the Mg isotope ratios due to the presence of known and unknown blends. McWilliam & Lambert (1988) recommended 3 lines from which accurate isotope ratios can be extracted. The first line at 5134.6Å is due to the Q 1 (23) and R 2 (11) lines from the 0-0 band. The weaker MgH features on either side of the 5134.6Å line are contaminated such that reliable isotope ratios cannot be measured (Tomkin & Lambert 1980) . The second line at 5138.7Å is a blend of the 0-0 Q 1 (22) and 1-1 Q 2 (14) MgH lines. The third line at 5140.2Å is a blend of the 0-0 R 1 (10) and 1-1 R 2 (4) MgH lines. We refer to these lines as Region 1, Region 2, and Region 3 respectively.
To measure the Mg isotope ratios, we generated synthetic spectra using Moog. The macroturbulent broadening was assumed to have a Gaussian form and was estimated by fitting the profiles of the Ni i line at 5115.4Å and the Ti i line at 5145.5Å. These clean atomic lines were slightly stronger than the three recommended MgH lines. These lines gave the same macroturbulence within 1.0 km s −1 and the smaller value was adopted if there was a disagreement. Our list of atomic and molecular lines was identical to the Gay & Lambert (2000) list and includes the contributions from C, Mg, Sc, Ti, Cr, Fe, Co, Ni, and Y. For the MgH isotopic components, the wavelengths were taken from McWilliam & Lambert (1988) and were based on direct measurements of an MgH spectrum obtained using a Fourier transform spectrometer by Bernath et al. (1985) .
Treating each recommended line independently, we adjusted the isotope ratios and Mg abundance until the profile was best fit. Following Nissen et al. (1999 Nissen et al. ( , 2000 who measured Li isotope ratios, we chose to use a χ 2 analysis to determine the best fit to the data. The advantages are that this method is unbiased and allows us to quantify the errors to the fits. The free parameters were (1) 25 Mg/ 24 Mg, (2) 26 Mg/ 24 Mg, and (3) the Mg abundance, log ǫ(Mg). Our initial guess was the best fit as determined by eye. We explored a large volume of parameter space around the initial estimate and calculated
where O i is the observed spectrum point, S i is the synthesis, and σ = (S/N) −1 . Optimum values were determined by locating the χ 2 minima for each free parameter 25 Mg/ 24 Mg, 26 Mg/ 24 Mg, and log ǫ(Mg). We then used a more refined grid and searched a smaller volume in parameter space centered upon the optimum value. For each region in each star, we generated and tested over 500 synthetic spectra. Throughout the various iterations for each region in each star, the optimal isotope ratio always converged to a similar value. The best fit as determined by eye was always similar to the best fit as determined via the χ 2 analysis. In Figures 2 and 3, we show examples of the best fitting synthetic spectra.
Following Bevington & Robinson (1992) and Nissen et al. (1999 Nissen et al. ( , 2000 , we plot ∆χ MgH is less blended with the strong 24 MgH line. Furthermore, isotope ratios for Regions 2 and 3 are less accurate than for Region 1. Although we calculated the formal statistical errors, these numbers are small and ignore systematic errors such as continuum fitting, macroturbulence, and blends. Figures 2 and 3 show that the uncertainties in the ratios are probably at or below the level b ± 5 or c ± 5 when expressing the ratio as 24 Mg:
25 Mg: 26 Mg=(100−b−c):b:c. For Region 1 in M 13 L 70, when we lower the continuum level by 1%, the best fitting ratio is 49:11:40 (originally 48:14:38). When we change the macroturbulence from 7.5 km s −1 to 8.0 km s −1 , the best fitting ratio is 48:14:38. For Region 2 in M 13 L598, when we lower the continuum by 1% and change the macroturbulence from 6.5 km s −1 to 7.0 km s −1 , we measure ratios of 81:6:13 and 84:9:7 respectively (originally 80:10:10). Note that the derived isotope ratios are insensitive to the adopted stellar parameters and appear immune to non-LTE effects and/or inadequacies in the model atmospheres (Yong et al. 2003b (Yong et al. , 2004 ).
In Table 6 we present the Mg isotope ratios for the program stars. In this table we also compare our values with previous determinations. Our superior data, higher S/N and higher spectral resolution, confirm the pioneering results obtained by Shetrone. While Shetrone (1996b) was unable to distinguish between 25 Mg and 26 Mg, we note that our ratios 25+26 Mg/ 24 Mg are in excellent agreement. For the comparison field star, HD 141531, the isotope ratio measured from the Subaru data is in excellent agreement with the value from the VLT data.
In the spectra of dwarfs, previous studies of Mg isotope ratios (e.g., Gay & Lambert 2000; Yong et al. 2003b Yong et al. , 2004 show that the best fitting synthesis to the 5134.6Å line generally predicts a weaker 5134.2Å line than is observed. (As mentioned earlier, Tomkin & Lambert (1980) showed that the 5134.2Å line does not provide a reliable isotope ratio.) In some cases, the predicted strength of 5134.2Å is very close to the observed strength. For cases in which the synthetic spectra underpredict the observed strength, a weak line not included in the line list could account for the small mismatch. However in giants, the mismatch appears to be in the opposite direction. As shown in Figure 2 , the synthetic spectra overpredict the strength of the MgH 5134.2Å line. Our linelist includes lines of C 2 at 5134.3 and 5134.7Å. Our estimate of the C abundance was based on the weak C 2 lines near 5135.6Å which gave [C/Fe] ≃ −0.2. Even if we exclude the C 2 lines at 5134.3 and 5134.7Å, the syntheses continue to overpredict the strength of the 5134.2Å line.
On closer inspection of the NGC 6752 giants, we note that the magnitude of the mismatch appears to be a function of luminosity with the discrepancy being largest at the tip of the RGB (T eff ≃ 3900K) and disappearing by T eff ≃ 4400K. Our M 13 and M 71 giants are all located at the tip of the RGB where the discrepancy reaches a maximum. We note that a best fit to the 5134.2Å line could be achieved with a reduced amount of 26 Mg relative to the 5134.6Å line. However, substantial amounts of 25 Mg and 26 Mg would still be required.
Discussion
Elemental abundance ratios in M 13
First we will focus upon M 13 since our sample for M 71 consists of only 1 star. Of the elemental abundance ratios that we have measured, [Al/Fe] exhibits the largest amplitude. Though we have only observed 4 giants, the [Al/Fe] ratios vary by more than an order of magnitude (1.04 dex). This variation far exceeds the measurement uncertainty. As a comparison, Sneden et al. (2004a) measured Al abundances in a sample of 18 bright giants. Excluding the 2 stars for which only upper limits are available, the ratio [Al/Fe] varies by roughly 1.2 dex. Therefore, our 4 stars span almost the full range of the star-to-star abundance variation for [Al/Fe]. Our most Al-rich star, M 13 L973, is also one of the most Al-rich stars in the Sneden sample. However, our most Al-poor star, M 13 L598, is still roughly 0.2 dex more Al-rich than the most Al-poor star in the Sneden sample. Our ratios of [Na/Fe] vary by almost a factor of 3 (0.47 dex) which again greatly exceeds the measurement uncertainty. Sneden et al. (2004a) [Mg/Fe] ratios with the Sneden sample, our stars span a considerable range of the abundance distribution. However, Sneden's M 13 sample contains several stars that are more enhanced in Na and Mg as well as several that are more depleted in Na and Mg. Even within our small sample, we recover the Mg-Al anticorrelation and find that Na is correlated with Al in accord with previous studies of this cluster.
Mg isotope ratios in M 13
For M 13, we confirm Shetrone's finding that the ratio 24 Mg: 25 Mg: 26 Mg varies considerably from star to star. Our measured ratios 25+26 Mg/ 24 Mg are very similar to those measured by Shetrone. We find that the lowest ratio is 78:11:11 while the highest ratio is 48:13:39. Note that the lowest observed ratio in NGC 6752 was 84:8:8 and the highest observed ratio was 53:9:39. Although the M 13 sample is limited, the extremes in the isotope ratios appear to have similar values as for NGC 6752. Shetrone (1996b) measured Mg isotope ratios in 6 stars and based on these values, we made sure that we observed the stars exhibiting the lowest (M 13 L598) and highest (M 13 L70) isotope ratios. [Fe/H] . These are the stars with high O, high Mg, low Na, and low Al and we refer to them as "normal stars". At the other extreme of the abundance variations are the stars with high Na, high Al, low O, and low Mg. We referred to these stars as "polluted" in anticipation that proton capture nucleosynthesis can produce O-poor, Narich, Mg-poor, and Al-rich gas. The pollution may have occurred via either the evolutionary or primordial scenario. Figure 13 .8 in Sneden et al. (2004a) shows the O-Na anticorrelation and the Na-Al correlation. In this Figure, the field stars clearly occupy one end of the distribution defined by the cluster stars, i.e., the region in which the "normal" cluster stars are located. This Figure, and Mg that exceeded predictions from metal-poor supernovae as well as the ratios observed in field stars at the same metallicity (e.g., Gay & Lambert 2000 and Yong et al. 2003b) . Applying the same criteria, M 13 L598 would be a "normal" star whereas M 13 L629, M 13 L973, and M 13 L70 are "polluted" with L70 being the most "polluted". Again, we find that the Mg isotope ratios in M 13 parallel those found in NGC 6752. The "normal" star M 13 L598 has a Mg isotope ratio 24 Mg:
25 Mg: 26 Mg = 78:11:11 that exceeds predictions by an order of magnitude and these isotope ratios also exceed field stars at the same metallicity. At the metallicity of M 13, a typical field halo star such as Gmb 1830 (a subdwarf) has 24 Mg: 25 Mg: 26 Mg = 94:3:3 (Tomkin & Lambert 1980) . Our comparison field star, HD 141531, has a ratio 91:4:6. In NGC 6752 and M 13, we find that "normal" stars have isotope ratios of Mg that differ from field stars at the same metallicity despite the similarity in elemental abundance ratios [O/Fe] 
Mg isotopic abundances in M 13
In Figure 5 , we plot the Mg isotopic abundances versus the Al abundance. The Mg isotopic abundances were derived by combining the Mg isotope ratios from molecular MgH lines with the Mg elemental abundance from Mg i lines. We note that the 24 Mg abundance decreases with increasing Al abundance and that the total spread in the 24 Mg abundance is a factor of 2.75 which is greater than the measurement uncertainty. The
25 Mg abundance appears constant over the 1.0 dex range in [Al/Fe] . The 26 Mg abundance increases with increasing Al abundance. The total dispersion in the 26 Mg abundance is a factor of 2.1 which exceeds the measurement uncertainty. In Figure 5 In this Figure, we also include the abundances for the comparison field star HD 141531 and the well studied subdwarf Gmb 1830. (For Gmb 1830 we took the Mg isotope ratio from Tomkin & Lambert 1980 and the Mg and Al elemental abundances from Fulbright 2000.) If we adjust the abundances for the small metallicity differences between M 13 and the field stars assuming ∆ log ǫ(species) = ∆ log ǫ(Fe), the field stars have essentially identical Mg isotopic abundances and Al elemental abundances. With or without this metallicity correction, the field stars clearly lie at one end of the isotopic distribution defined by the cluster stars as previously seen in NGC 6752. In Figure 5 , we can also see that the globular clusters have higher isotopic abundances for 25 Mg and 26 Mg relative to field stars at the same Al abundance.
Elemental abundance ratios and Mg isotope ratios in M 71
For M 71, our measurements of Mg isotope ratios and elemental abundances are restricted to a single star. Sneden et al. (1994) found evidence for a variation of O and Na in a sample of 10 stars, though it was not clear whether there was an O-Na anticorrelation. Ramírez & Cohen (2003) observed a larger sample of stars and found a clear O-Na anticorrelation and evidence for a variation in the Al abundance for this cluster. Our observed star, M 71 A4, was observed by Sneden et al. (1994) and had one of the higher O abundances though its Na abundance was in the middle of the distribution. Unfortunately, this star was not observed by Ramírez & Cohen (2003) . Based on the O abundances measured by Sneden, this star may be a "normal" star but the situation is not clear. Shetrone (1996b) provided the first measurements of Mg isotope ratios in a globular cluster. His results for M 13 showed that the ratio 25+26 Mg/ 24 Mg varied from star-to-star. Of great interest was his discovery that the abundant 24 Mg decreases with increasing Al abundance. Very high temperatures are necessary for proton-capture on 24 Mg. Shetrone proposed a deep-mixing sequence in which Li begins to be destroyed at 10 × 10 6 K. At 20 × 10 6 K, C begins to decrease, N increases, and the ratio 12 C/ 13 C decreases. At 30 × 10 6 K, O begins to decrease, Na begins to increase, and C and N continue fall and rise respectively. The Al abundance increases slightly due to destruction of 25 Mg and 26 Mg at 40 × 10 6 K. Finally, Al increases significantly as 24 Mg decreases at 70 × 10 6 K. Based on Shetrone's isotope ratios (and measurements of other elemental abundance ratios), various schemes were explored in which the abundance variations could be produced through the evolutionary scenario, the primordial scenario, and combinations of the two (e.g., Langer et al. 1997 , Denissenkov et al. 1997 , and Weiss et al. 2000 .
Implications for globular cluster chemical evolution
Observations by Gratton et al. (2001) showed that the anticorrelations of O-Na and Mg-Al exist even in main sequence stars and early subgiants in NGC 6752. Subsequent measurements have shown a similar result for M 71 (Ramírez & Cohen 2003 ) and M 13 (Cohen & Meléndez 2005) . The range and amplitude of the abundance variations of OAl do not vary from the main sequence to the tip of the red giant branch within a given cluster. This behavior differs from the measurements of C and N abundances that vary with evolutionary status (Suntzeff & Smith 1991) . Al variations in unevolved stars demonstrate that the abundance variations cannot be due primarily to internal mixing and nucleosynthesis because main sequence stars and early subgiants have internal temperatures too low to run the Ne-Na or Mg-Al chains. Therefore, the present cluster members must have formed from inhomogeneous gas or accreted such material.
Measurements of Mg isotope ratios in NGC 6752 led Y03 to suggest a revised primordial scenario involving two generations of IM-AGBs. "Normal stars" showed Mg isotope ratios that exceeded both the predictions from metal-poor supernovae as well as the ratios observed in field stars at the same metallicity. Y03 suggested that a prior generation of metal-poor IM-AGBs can raise the low amounts of 25 Mg and 26 Mg provided by metal-poor supernovae to the much higher levels observed in the "normal" stars. In order to preserve the highly uniform abundances of Fe, Ca, Ni, etc (Yong et al. 2005) , the ejecta from these metal-poor IM-AGBs must be thoroughly mixed with the ejecta from metal-poor supernovae prior to the formation of the present cluster members. As seen in Shetrone's M 13 sample, the large Al enhancement was accompanied by a decrease in 24 Mg for the NGC 6752 giants. Destruction of 24 Mg only takes place at very high temperatures such as in AGB stars of the highest mass. Y03 suggested that IM-AGBs pollute the environment from which the present generation of stars formed, an idea first proposed by Cottrell & Da Costa (1981) . In IM-AGBs, hydrogenburning at the base of the convective envelope, so-called hot bottom burning (HBB), may produce the observed C to Al abundance patterns. Y03 also showed that the Fe abundance was identical in all stars within the measurement error. So the source of the pollutants must have the same Fe abundance as the present generation of stars. The O abundance varied by nearly an order of magnitude within NGC 6752. In the event that the pollutants contain no O, then the factor of 10 decrease in the O abundance of the most "polluted" stars relative to the "normal" stars is only possible via a mix of 90% pollutants to 10% normal material. In addition to the dominant primordial component, an evolutionary component is essential to account for the C (Suntzeff & Smith 1991) and Li (Grundahl et al. 2002) destruction with increasing luminosity.
In M 13, we find that stars with elemental abundance ratios in agreement with field stars at the same metallicity, i.e., "normal" stars, have Mg isotope ratios that exceed those seen in field stars. A similar result was seen in NGC 6752. Therefore, we reiterate the suggestion from Y03 that a prior generation of metal-poor IM-AGBs are needed to produce the high 25 Mg decreases with increasing Al abundance. These results for M 13 are identical to the behavior of the Mg isotopic abundances in NGC 6752 suggesting that the same mechanism is responsible for the isotopic and elemental abundance variations seen in both clusters. That is, two generations of IM-AGB stars pollute the cluster as just described.
The similarity in the correlations between Mg isotopes and Al abundances in M 13 and NGC 6752 may be regarded as surprising. If the Al variations arise from the IM-AGBs, then it may be reasonable to expect a large cluster-to-cluster variation of the pollution from such stars. Therefore an additional aspect to the IM-AGB scenario may be required. Perhaps the IM-AGBs were of a very similar mass in both clusters. If differing degrees of pollution from IM-AGBs of the same generation as the present cluster members is the correct mechanism for producing the O-Al abundance variations, then Fluorine may be expected to exhibit a star-to-star abundance variation. During HBB in IM-AGBs, destruction of F is predicted in AGB models of the highest mass . Recently, Smith et al. (2005) showed that F varied from star-to-star in M 4 and that the F abundance was correlated with O and anticorrelated with Na and Al. Such variations of F lend further support to the AGB pollution scenario.
While the AGB pollution scenario offers a plausible qualitative explanation for the light element abundance anomalies, quantitative tests reveal several problems. The observed ratios of 25 Mg/ 24 Mg and 26 Mg/ 24 Mg in stars with O depletions are significantly lower than predictions from AGB models (Denissenkov & Herwig 2003) . The low C and O abundances and high N cannot be produced in AGB models (Denissenkov & Weiss 2004 ). In the detailed globular cluster chemical evolution model by Fenner et al. (2004) , O was not depleted, Mg was produced rather than destroyed, C+N+O was not constant, and 25 Mg should be correlated with 26 Mg. These inconsistencies between the observed and predicted compositions highlight that our understanding of stellar nucleosynthesis and globular cluster chemical evolution are incomplete. While the details are model dependent, Busso et al. (2001) suggest that metal-poor IM-AGBs may run the s-process. Yong et al. (2005) found evidence for slight abundance variations for Y, Zr, and Ba with each element showing a statistically significant but small correlation with Al. Therefore, the stars responsible for the synthesis of the Al anomalies may have also run the s-process. Indeed, Ventura & D'Antona (2005) caution that the choice of mass-loss rates and treatment of convection greatly affect the calculated AGB yields to such an extent that the predictive power of the AGB models is limited.
New constraints on the source of the abundance anomalies have come from observations of Li in main sequence stars in NGC 6752. Pasquini et al. (2005) have shown that Li is correlated with O and anticorrelated with Na in these unevolved stars. Such a behavior is expected given that the Ne-Na cycle operates at temperatures far exceeding those required to destroy Li. Pasquini et al. (2005) emphasize that Li is observed in even the most "polluted" stars with log ǫ(Li) ≃ 2.0, an amount only 2-3 times lower than in stars with the highest Li abundance. Since O and Na vary by roughly an order of magnitude, this implies that Li must also have been synthesized by the stars responsible for the abundance variations. While Pasquini et al. (2005) also recognize that the yields from IM-AGBs cannot reproduce all the observed abundances, they note that the Ventura et al. (2002) Li yields for metal-poor IM-AGBs are in good agreement with the observations. Pasquini et al. (2005) also note that the IM-AGB scenario requires a very large number of such stars and therefore an unusual initial mass function. Furthermore, a large number of white dwarfs could still remain in the cluster depending upon the dynamical history of the cluster.
Concluding remarks
Mg isotope ratios are measured in four bright red giants of the globular cluster M 13 as well as one bright red giant in the globular cluster M 71. We confirm Shetrone' Mg is correlated with Al. The behavior of the Mg isotope ratios in M 13 is almost identical to that seen in NGC 6752 and suggests that the abundance variations in both clusters are a result of the same mechanism. While yields from AGB models cannot explain all the observed abundances, we continue to propose that two generations of IM-AGB stars produce the observed abundances. A previous generation of metal-poor IM-AGBs polluted the cluster from which the present generation of stars formed. These IM-AGBs are required to produce the high ratios of Sneden et al. (1994) . Shetrone (1996b) b Y03
